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Abstract 
This study demonstrates the novel perspective of the project called Connect2LNG, under the Connecting Europe 
Facility instrument of the European Commission. The project addresses the development of a European LNG 
fuelled freight market from the viewpoint of the so-called ‘Logistics Problem Owners’ and is operated by a 
multi-national EU consortium coordinated by Unilever Europe Business Center B.V., with the participation of 
transport and logistics operators, truck manufacturers and the LNG fuel distribution stakeholders. By agreeing on 
long-term freight volumes and operation routes, transporters can develop a real commercial business case for 
LNG trucks. This win-win approach will lead to the development of a new business case based on idea that 
sustainability-targets of manufacturers – in addition to cost – can be a decisive factor in future negotiations 
between manufactures and transporters. This paper describes the concept, its application, the developments of 5 
new C-LNG stations, and the pilot with dozens of LNG trucks daily monitored used to evaluate the challenging 
assumption. Moreover human factor is also examined with some preliminary results provided.  
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Nomenclature 
C-LNG  Compressed-Liquefied Natural Gas (applied to truck featuring CNG and LNG tanks and to refuelling 
station able to deliver LNG and CNG derived from LNG) 
NP Natural Power 
CNG Compressed Natural Gas 
LBM Liquefied Bio-Methane 
TEN Trans European Network 
TCO Total Cost of  Ownership 
1. Introduction  
In 2013, the European Commission under the “Clean power for transport – Frequently asked questions” 
document (EU Commission, Jan 2013) reported that the European transport was in 94% dependent on oil, of 
which 84.3% was imported. Fact that oil is sourced from unstable regions of the world, led to increase insecurity 
of access to fuel supplies and believe that EU transport should diversify its energy sources. 
 
Furthermore, in July 2016, the European Commission presented its strategy for decarbonizing the Transport 
sector, entitled “A European strategy for low-emission mobility”.  According to the strategy the use of natural 
gas in transport is expected to rise as an alternative fuel for maritime shipping and lorries and coaches (NGVA 
Europe, June 2017). 
 
To reach this goal we need to improve the vehicle technologies in this context and on the other side, create a 
competitive and sustainable market. A critical step is the transitional phase from conventional liquid fuels to 
natural gas. However, spread of the technology still involves some main risks for the investors. 
 
This paper describes the main objective of the EU co-funded project Connect2LNG which aim is to find 
reasonable business solutions for natural gas usage. The intention is to validate these cases with real data 
collected during a long pilot program on field. In the following paper, this criteria are presented and some 
preliminary results are reported, obtained as a starting point before the overall pilot starts. 
 
In the first part of the paper it is described the context in which the study has been developed: the EU 
environmental objectives, the yet open issues and the results of pre-existing projects. In the following chapters 
the innovative concept of Connect2LNG with solutions that push the fuel station and transporters to invest on 
LNG is presented. The theory of Connect2LNG aims  to define a feasible market solution in a sort of circular 
economy. At the end the first results of the pilot are reported: the transporters, which have experimented the 
Natural Gas vehicles on real mission, declared that it is a mature technology and they intend to use it in the 
future in the direction of a more sustainable transport. These preliminary results, confirming the centrality of 
Natural Gas as a near future for transport, are deeply described in chapter 4, the last one before conclusions. 
2. The context for LNG deployment 
In addition to the need of being less depended on oil, the European Commission's Transport 2050 White Paper 
mandates a target of 60% greenhouse gas emissions reduction by 2050 (compared to 1990 levels). 
 
The use of LNG in freight transport can significantly contribute to reach this objective. The State of the Art on 
Alternative Fuels Transport Systems in the European Union completed by the Expert Group on Future Transport 
Fuels (EG FTF) in 2015 provides an update of the latest developments in the field of alternative fuels and the 
market uptake of alternative fuel transport systems and related infrastructure in the EU including CNG and LNG. 
 
LNG has a much higher energy density than CNG (approximately three times that of compressed one), 
consenting  LNG  trucks to be suitable also for long haul missions (Moravčík 2013).  
 
With this in mind, the European overall policies pushed for a cleaner transportation strategy across Europe and 
the European Commission recognized, since 2013 that “LNG is an attractive option for trucks and ships due to 
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its high energy density and low pollutant emissions. Vehicle technology is mature. Broader uptake is hampered 
by the lack of infrastructure” (EU Commission, Jan 2013).  
 
Since the early stages of the development of LNG trucks, the factors that mainly have influenced, and in some 
case limited, their diffusion in Europe can be grouped into the following categories: trucks technology, 
infrastructure development and regulation, and Return on Investment (ROI).  In other words, common elements 
for the analysis of transport infrastructure and LNG market with respect to refuelling infrastructure and vehicles 
are: 
a. Maturity of vehicle and technology 
b. Supply infrastructure – fuel stations 
c. Market structure and its perspectives 
d. Costs of vehicles and infrastructure 
 
The maturity of vehicle technology (a.) is now a state of fact, demonstrated both from the number of products 
already on the market and from the results of surveys done to fleet operators: the outcomes  are presented in 
chapter 4. 
 
With regards to the supply infrastructure (b.) a lot of work is still yet to do. At June 2017 there are around 100 
LNG filling stations in EU (NGVA Europe, 2017), but extending the refuelling network is considered still risky 
for investors. Nowadays this issue is still pending especially in Germany and in many North and East-European 
countries. 
 
Conscious of the persistent lack of proper infrastructure with the “Directive on the Deployment of Alternative 
Fuels Infrastructure (DAFI) (2014/94/EU)”, published in 2014, the European Commission provided the mandate 
to EU Countries to develop a comprehensive network of CNG and LNG refuelling stations through the 
presentation of their “National Policy Frameworks on Alternative Fuels”. The Directive foresees CNG 
availability in cities by 2020, CNG/LNG along the TEN-T core network by 2025 (150 km / 400 km indicative 
max distances respectively), LNG for maritime shipping by 2025, and by 2030 for inland navigation. Provisions 
include the implementation of common technical standards, unit price per "1 litre of petrol equivalent" for better 
comparison among fuel prices and market assessment with possible revision by 2027. In this context European 
Union’s Member States have been requested to provide, by November 2016, the so-called “National Policy 
Frameworks” (NPF’s) plans showing how they intended to implement the DAFI. By May 2017, 19 countries had 
presented their NPF with Greece, Ireland, Malta, Romania, Slovenia, the United Kingdom and Sweden requested 
by EU to sufficiently comply to the requests (EU Commission, Mobility and Transport, July 2017), in order to 
avoid an infringement procedure. 
 
In this context each year, the European Commission launches a new annual call dedicated to the development of 
alternative refuelling infrastructures along the TEN-T corridors, including CNG and LNG in the Connecting 
Europe Facility (CEF) Programme. The CEF initiatives comprise the Trans-European-Network for Transport 
(TEN-T), which aims at supporting innovations and new technologies. The interest has grown every year since 
the TEN-T programme was introduced in 2010. The earliest initiatives refer to maritime activities. During the 
last years, also the on road application has actively been included. 
 
In the framework of European projects the construction of some stations has been planned. One of the first is the 
Blue Corridors project, of which the preliminary results confirm that LNG heavy duty trucks are the most 
promising alternative option for medium and long distance freight transport in Europe. Halfway through its 
projected period (2013-2018), the LNG Blue Corridors project demonstrates that LNG is a viable alternative to 
the use of diesel in transport, generating encouraging results. Fleet operators are increasingly interested in LNG 
as a fuel despite the low oil prices which tend to reduce the economic advantage of natural gas (Blue Corridors 
deliverables). Many fleet operators specifically cited the environmental advantages that LNG trucks offer. Some 
truck operators, like Ninatrans from Belgium, reported very positive results for fuel consumption and CO2 
emissions, up to 16% lower for LNG than competitive diesel trucks. In the future there is even the possibility of 
swapping to liquefied bio-methane (LBM) into natural gas grids for use in the transport sector. The potential will 
be in relation to the fuel demand for vehicles running in Europe today and in the near future. Bio-methane is 
defined as upgraded biogas or SYNGAS originating from anaerobic digestion, or from biomass gasification.  
 
The environmental benefits of using Bio-Methane are very high (Fig. 1). 
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Fig. 1: The pollutant emission reductions with the use of Bio-Methane 
Historically most OEMs in Europe invested in diesel engine technologies, constraining active involvement in 
natural gas powertrain development. More recently both OEMs and trucks OEMs started to upgrade the vehicle 
platforms with Euro VI based ones for higher displacement engines, foreseeing a progressive improvement and a 
profitable investment (Frost & Sullivan Feb 2013 and Sept 2016).  
 
Furthermore the LNG technology is expected to progressively increase and most of all in Long Haul to 
overcome the CNG technology (Frost & Sullivan Sept 2016), due to the several advantages that the LNG 
technology itself offers. If vehicle range is an issue and storage space is limited then LNG/LBM has an 
advantage. Moreover, LNG/LBM can be transported over larger areas where a gas grid is not available(UNECE 
2017)  to reach customers that have been hard to reach before (International Energy Agency 2010). 
 
The Return on Investment (ROI) on LNG trucks purchase is based on Total Cost Of Ownership (TCO) 
evaluation. We can assume that the reduced fuel cost and the already present incentives for the trucks purchase 
should rebalance the higher economic investment needed compared with diesel trucks (Frost & Sullivan Feb 
2013 and Sept 2016).  
 
With reference to the market issues (c.) and the relative costs indicators (d.), the current literature and precedent 
financed European Projects concentrated mostly on the economic ROI and the possible ways incentives and 
infrastructure improvement could improve the usage of Natural Gas in transport sector across Europe. 
 
In the literature (Frost & Sullivan Feb 2013), the payback period is estimated to be mostly advantageous for the 
LNG trucks applied in the long haul business (Fig 2.a). Nevertheless, the market growth − even if overall 
positive − has been lower than expected (penetration level less than 3,8% in 2018). 
 
Fig. 2: (a) Payback of Natural Gas trucks (F&S, 2013); (b) Comparison of environmental benefits of natural gas vs diesel (NGVA, 2017) 
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With regard to the impact of LNG technology on emissions, several studies make clear the competitive 
advantage from an environmental point of view of the NG trucks compared with diesel ones. Some other 
projects such as Equilibre has demonstrated the benefits in emissions (fig 2.b). 
 
The new concept of Connect2LNG is trying to find a sustainable investment solution in which the various actors 
work together to get the goal of sustainable transport. The ambition is being sustainable not only from 
environmental point of view  but also from the point of view of market economy. 
3. Connect2LNG – the challenging objectives 
As described in chapter 2, the lack of a deployed LNG refuelling network such as the one for conventional liquid 
fuels is the main risk factor for the transporters who are interested in moving forward to LNG systems. The 
investments for fuel transport, fuel station construction and fleet managers are high and the risks need to be 
controlled and minimised. 
 
The long-standing chicken and egg dilemma is well known: construction of new LNG stations is not affordable 
until there are enough LNG vehicles operating; on the other hand if there are not enough refuelling stations, 
transporters will not move forward to purchase more environmental friendly NG vehicles. In such a situation, the 
uptake of this technology option comes to a deadlock. Solutions to this problem involving incentives has to be 
found. Solutions that must be sustainable from an economic point of view, either related to the construction of 
new stations or for the maintenance as well as for the LNG truck fleets. 
 
The Connect2LNG project business case tries to give an answer to this issue: if suppliers and vehicle 
manufacturers - the shippers - believe that the use of LNG will improve the environmental footprint of their 
operations, then they can act in order to push towards a more environmental friendly LNG mobility via specific 
contracts with transport operators that could use LNG vehicles for specific routes and missions. It is the concept 
of a circular economy (Fig. 3) in which each actor plays a fundamental role. This should enable refuelling 
infrastructures constructors to step in and invest in new stations minimizing their risks. The specific objective of 
the project is to validate the hypothesis that the sustainability agenda of shippers can act as an important factor in 
encouraging transport operators to make the transition from diesel to LNG. 
 
In Connect2LNG two main international shippers have prepared ad hoc tenders for some of their routes 
requesting transport operators to use LNG truck only and provide their quotation accordingly. 
 
Fig. 3: Connect2LNG sustainable business case concept. 
Long international corridors include Germany, a country currently counting only one public LNG station, 
therefore the issue is challenging but the process is now well underway to close a win-win agreement between 
selected freight operators and LNG distributors. Actually details cannot be disclosed yet, as private business 
negotiations are still ongoing while drafting this paper. 
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This win-win approach can only happen and have a future if new generation of LNG trucks become competitive 
in every aspect compared to latest diesel truck technologies. The project intends to validate this on the field with 
concrete data answering these following important questions: 
 
1. Can shippers really improve their environmental footprint thanks to LNG trucks? 
2. Is the solution competitive in terms of total cost of ownership (TCO)? 
3. Do the trucks and the LNG refuelling stations provide at least same level of reliability as diesel? 
4. What is the drivers’ perception of the truck performance and the refuelling process? 
Connect2LNG will get the answers with an extensive monitoring campaign, on the premise that the aspects of 
sustainability that this introduces can be determinant elements of the business case and can push the market 
development because of the competitive advantage related to both economic and social ROI.  
 
Projects likeConnect2LNG aiming at strengthening the competitiveness of the transportation industry thanks to 
technological innovations that enable the usage of natural gas vehicles, can contribute to cover these gaps. 
Particular emphasis will be given to the points: evaluation of the proposed business case to guarantee an 
economical sustainability to the perceived risks, quantitative additional results such monitoring of pollutants on 
the roads.  
 
The Connect2LNG project assumes that other contextual facts can negatively affect the intention to include such 
trucks in the fleet, namely: 
 
• the resistance towards less popular and widespread technologies, 
• concerns regarding the management aspects of a new fuel with special characteristics, 
• the expectation from manufacturers to provide specialist assistance in case of breakdowns and other 
problems, all along the route that trucks cover, 
• the need of trained drivers and sometimes specific license and certification for the refuelling process 
management (see current Dutch Regulation), 
• time and fuel waste to reach the further refuelling point due to a jeopardized LNG station network. 
On the other side the Connect2LNG project will examine also enabling factors that include both direct measure 
of vehicle performance (in terms of consumption, emissions, noise, etc.) and “soft” aspects. The Connect2LNG 
Project embraces the perspective that a powerful booster for private companies could be exploiting the 
sustainability agenda as a possible competitive business advantage. The actors involved are, with different but 
complementary aims: the goods producers, the transportation companies, the fuel station providers, the trucks 
manufactures.  
 
The Project sustains the idea that a consistent EU and local policy that rewards the companies actively acting as 
sustainable in their everyday behaviour could counterbalance several obstacles that persists and consistently push 
the diffusion of cleaner fuels across Europe. 
 
Furthermore, the Project steadily contributes in: 
 
• providing insights about the experience and opinion on threats and opportunities that logistics companies 
(fleet managers & drivers), fuel station providers and goods producers perceive 
• enhancing the network of fuel-stations;  
• improving the circulation of gas trucks; 
• delivering KPIs able to sustain a profitable business model for logistics. 
 
The completion of a study with a pilot program deployment (which will start in the immediate future and will 
last for several months) of a LNG refuelling network for medium and long haul road freight transport, involving 
the refuelling points and LNG powered trucks operations will provide not only qualitative but also quantitative 
answers to these questions. 
 
Various parameters of interest refer to commercial speed, payload, fuel range (autonomy), fuel consumption, 
fuel availability security, safety and comfort. The Connect2LNG project aims at addressing all these aspects. 
Determination of quantitative criteria for the added value of selecting LNG trucks towards matching 
“environmental” objectives of the shipper companies will be one of the main results of the project. 
Chandon Toffolo Rickhoff Ntziachristos van Dijk / TRA2018, Vienna, Austria, April 16-19, 2018 
 
6 
 
One of the most important results of Connect2LNG project is that it will add another 5 LNG stations with a 
challenging specific objective of extending the TEN network in a way to allow the “long international freight” 
missions of vehicles in some strategic main EU corridors (Fig 4.a). This includes Germany, which is one of the 
countries with less extensive LNG network. 
 
In addition to that, the project will deliver real-world results through day-by-day monitoring of the operations of  
the just constructed 5 latest generation C-LNG refueling stations and more than 100 on-road LNG trucks along 
the three main Core Corridors Network (nearly 3000 km of TEN-T roads).  
              
Fig. 4: (a) Connect2LNG EU corridors where the study taking place; (b) Connect2LNG pilot performance criteria and evaluation scheme 
Monitoring will take place over a period of several months. Fuel consumption, emissions rates and other 
operational data will be monitored and recorded and reliability indicators both for truck & C-LNG stations will 
be developed (Fig 4.b). The objective is not to perform a small exercise with indicative data but to quantify 
indicators on real missions from extensive monitoring of the various aspects both in terms of number of cases 
and given timeframe. 
 
The LNG Fuel Stations monitoring plan is aimed at acquiring information on the management of different 
installations, and their safety and operation. This is required to provide insights into the conditions that need to 
be fulfilled for a successful market uptake of LNG as a fuel and to understand how to reduce the perceived risk 
of logistics service providers on operability. 
 
The daily truck monitoring will involve more than 100 trucks during their real mission on roads. Data on type of 
roads, fuel consumption and pollutant emissions will be collected during a full year of operation. The trucks will 
be equipped with telematics devices allowing continuous monitoring (Fig. 5). 
 
Applying monitoring devices and sensors to different models of LNG trucks imply to check their reliability in 
this context. 
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Fig. 5: Connect2LNG real time monitoring of trucks and stations implementation. 
Standard telematics tools – used for instance by fleet managers – will provide position, speed and fuel 
consumption. The interest is to go further on what has already been measured in past projects and to add further 
data collected on the road such as pollutant emissions. 
 
Measuring real life emissions of LNG trucks with reasonable costs is a challenging issue which is in phase to be 
solved by this European project. 
 
Given the high number of collected data (daily data from more than 100 trucks for 12 months), most innovative 
ICT solutions will be used. ‘Big data’ methodologies and tools will help in doing so. 
 
Last but not least, it is equally important to also evaluate the human factor which highly influences the choices: 
fleet operators and drivers’ feedback will be periodically collected to understand their perceptions of the LNG 
solution as a whole (truck and refuelling station). Preliminary first results are presented below in chapter 4. 
 
The heterogeneous data collected during the pilot deployment phase (road conditions, vehicle performance, 
logistics operator surveys, driver surveys, ...) will be monitored and processed and synthetized into key 
performance indicators (KPIs.) 
 
The project will deliver valuable information in terms of LNG truck & LNG station operational capability, TCO 
and environmental benefits. This study will establish a robust and quantified cost-benefit analysis of deploying 
an LNG truck fleet using longer-term contracting with transport operators. Moreover data collected will help 
LNG truck manufacturers to improve their vehicle design and support the dissemination of social, environmental 
and economic advantages of using LNG as an alternative fuel to diesel for road freight transport. 
 
The findings will be valuable not only for transport operators, but also for shippers who have to meet 
quantifiable targets related to logistics sustainability. The pilot study will generate substantiated data that are 
necessary in order to reduce the perceived risk of logistic service providers on operability and cost of 
deployment of LNG Heavy Duty trucks for medium and long haul road freight transport. 
4. Some preliminary result about Logistics perception of LNG vehicle use now and in the near future  
As first step of Pilot an initial survey has been conducted to get the human point of view  about LNG used in 
Logistics sector. The survey is yet on going, the current chapter shows the preliminary results of a semi-
quantitative analysis that wanted to deepen the current scenario of Natural Gas (NG), among some of the most 
representative logistic companies that already adopted Natural Gas Trucks. 
 
In particular, in this first exploratory phase, eleven Logistics companies that already included HD NG trucks 
reported on: 
 
• the current fleet energy mix; 
• the expectation of the evolution of fuel mix in the coming future;  
• the development of alternative fuel by 2030. 
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The fourteen Companies involved in the Survey (Fig.6) are large freight transport companies (avg. number of 
trucks in fleet= 453). For 7 out of 14 Companies up to the 80% of the business is made up of Regional or 
Domestic Transport. 
 
 
Fig. 6 (a) Company Location (N=13);  (b)Transported goods/materials (N=13)  
The current companies’ fuel mix is mainly made up of Diesel HD trucks (considering 18-44 tons trucks), 89% 
diesel vs. 11% gas trucks. 
 
Looking at their future fleet, they perceive a possible increase in the cleaner fuel mix in the next 5 years.  
Indeed a 29% increase of gas trucks in fleet is forecasted. 
 
 
Fig. 7: (a) Fleet Energy Mix Comparison (N=13); (b) Fleet Energy Mix Comparison- focus on GAS IMPROVEMENT (N=13) 
Looking in particular at the energy mix it is clear that the LNG trucks is perceived as the best possible solution 
among the gas trucks offering (see Fig 7).  
 
It is clear that the selected companies are already open to a “clean fuel approach”, and they confirm their vision 
also in the future with their forecast about the dominant fuel in 2030 as Bio-Methane, followed by Electricity or 
Hydrogen (Fig. 8). 
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Fig 8. Forecasted dominant fuel in 2030 (N=13) 
In this context when the LNG network will be furtherly developed, there is a chance to get a more quick shift 
from Oil to LNG also for long haul transports. It is foreseen a competitive advantage in the application of this 
technology for the development of their businesses. 
5. Conclusion 
In the global fight against Climate Change,  natural gas plays an important  key role to reduce greenhouse gases 
and pollutants (NOx and particulate) in transport. Liquid Natural Gas vehicles allow its use also for  long-haul 
distance missions. Ongoing  researches demonstrates that  the Bio-Methane in the near future can be produced 
locally directly using existing sources such as waste. This will allow Europe to limit its dependence on oil.  
 
The transition phase in which the LNG transport is not yet so spread in the market need a push. This can be 
obtained via incentives but also creating a realistic business case. Connect2LNG will validate the hypothesis that 
sustainability agenda of freight volume owners is a deciding factor in encouraging transporters  to make the 
transition from diesel to LNG, via a win-win business case.  The results is supported by pilot with quantitative 
data. The results of the first surveys with fleet operators demonstrate that the vehicle technology is mature and 
most of the transporters see the realistic foreseeable future for sustainable transport in LNG and Bio Methane 
(Bio CNG/LNG). 
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